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By using in silico methods in a previous study, we identified 100 oocyte-specific genes and 150 genes, enriched in the mouse oocyte.
Interestingly, approximately half of the oocyte-specific genes tend to cluster on mouse chromosomes as if they have recently duplicated during
evolution. In this study, we focused our attention on mouse BRDT, which belongs to a family of four structurally related proteins characterized by
two N-terminal bromodomains and one C-terminal extraterminal domain (ET domain), defining the BET family. In mammals, BRD2, -3, and -4
are ubiquitously expressed, whereas BRDT expression was shown to be restricted to the testis. We were interested to know whether there was a
correlation between the evolutionary rate and the specificity of expression of these four paralogous genes. First, we show by RT-PCR and in situ
hybridization that BRDT is also expressed in mouse oocyte. Moreover, phylogenetic analyses show that the BRDT germ cell-specific orthology
group clearly evolves faster than its ubiquitously expressed paralogs BRD2, BRD3, and BRD4. This suggests that there is a relationship between
the evolution of these four groups of orthology and their tissue specificity of expression.
© 2006 Elsevier Inc. All rights reserved.Keywords: Oocyte; Germ cell; Evolution; Phylogeny; BET familyIntroduction
The oocyte is the sole cell able to activate the zygote
genome after fertilization by spermatozoa and to reprogram
a differentiated genome after nuclear transfer. To better
know the genes involved in this characteristic, we decided
to identify new oocyte-specific genes in the mouse genome.
By using bioinformatic tools, we identified more than 100
genes expressed exclusively in oocyte and approximately
150 that were highly, but not exclusively, expressed in
oocyte [1–3].⁎ Corresponding author. Fax: +33 247 42 7743.
E-mail addresses: Isabelle.Callebaut@impmc.jussieu.fr (I. Callebaut),
Pierre.Pontarotti@up.univ_mrs.fr (P. Pontarotti), monget@tours.inra.fr
(P. Monget).
1 Supported by a fellowship from Pfizer Corp.
0888-7543/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygeno.2006.09.002Interestingly, approximately half of the “exclusive oocyte
genes”were shown to be organized in clusters of 100 kb to 1Mb
in the mouse genome.Most, if not all, of these clusters contained
3 to 13 paralogous genes that have likely recently duplicated
during evolution [3]. In general, gene evolution depends, at least
in part, on the specificity of expression and on the biological
function. In particular, genes that exhibit a strict specificity of
expression evolve faster than ubiquitously expressed genes
[4,5]. Furthermore, genes involved in immunity or reproductive
functions also evolve faster than housekeeping genes [6].
In the present work, we were interested in studying the rate of
evolution of bromodomain testis-specific (BRDT) gene because
it belongs to a family of four genes, with three of them, BRD2,
-3, and -4, being expressed ubiquitously, and one of them,
BRDT, which appears to be testis specific. Actually, in human,
BRD2 and BRD3 are reported to be ubiquitously expressed in
adult and fetal tissues but are expressed most abundantly in the
Fig. 1. Expression analysis of BRDT and actin by RT-PCR in mouse tissues by
BET-stained gel and Southern blot of RT-PCR products.
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BRD2, BRD3, and BRD4 are also ubiquitously expressed [8,9],
whereas BRDT seems to be the only member of the BET family,
specifically expressed in the testis, in mid-to-late spermatocytes
[9,10]. The structure of the corresponding four proteins of this
family is characterized by two N-terminal bromodomains and
one C-terminal extraterminal domain (ET domain) defining the
BET subgroup of the bromodomain superfamily [7,10–14]. In
mouse, BRDT specifically binds to the hyperacetylated histone
H4 tail by its two bromodomains, inducing chromatin reorgani-
zation in an ATP-independent manner [15].
The aim of this study was to determine whether there was a
correlation between the evolutionary rate of these genes and
their specificity of expression. First, we showed by RT-PCR and
in situ hybridization that the BRDT gene is also expressed in
mouse oocyte. Moreover, phylogenetic analysis revealed that
BRD2, BRD3, BRD4, and BRDT have well-conserved orthologs
in vertebrates. Finally, we show that the germ cell-specific
orthology group BRDT evolves faster than its three ubiquitously
expressed paralogs.
Results
Expression analysis of BRDT
By analysis of RT-PCR products on BET-stained gels, BRDT
appears to be highly expressed in the testis, as expected, but also
in the ovary (Fig. 1). As a control, actin was amplified in all
tissues. To increase the sensitivity of detection of these
transcripts, Southern blot experiments were performed on RT-Fig. 2. Localization of BRDTmRNA by in situ hybridization, using 35S-labeled RNA
sens probe, the negative control. Black arrows indicate oocytes; gc, granulosa cells.PCR products, confirming that this gene is expressed
exclusively in gonads. In situ hybridization confirmed that in
the ovary, BRDT is specifically expressed in the oocyte (Fig. 2).
Transcripts were detected in primary follicles, as well as in early
and large antral follicles (Fig. 2).
Sequence alignment of mouse BRD2, -3, -4, and BRDT
Fig. 3shows the alignment of the protein sequences of the
four mouse paralogs BRD2, -3, -4, and BRDT. The four proteins
share two highly similar bromodomains (from 71 to 88%
sequence identity between two Brd proteins), as well as two
small conserved motifs (boxed in gray and denoted motifs A
and B in Fig. 3), which are included between the two
bromodomains and between the second bromodomain and the
ET domain, respectively. The ET domain is the most conserved
sequence, with 80 to 89% identity between two Brd proteins. As
evidenced using Hydrophobic Cluster Analysis (HCA) [16],
motif B would form a clear amphipathic helix. Within the
bromodomains, amino acids that were shown to be involved in
the interaction with acetylated lysine in the GCN5P experi-
mental structure [17] are found to be well conserved in the four
protein sequences (stars in Fig. 3). Despite this overall
conservation, the BRD2, -3, -4, and BRDT protein sequences
largely differ in their C-terminal parts, as well as in hinge
regions separating the conserved domains.
BRD4 does not possess the ET domain and directly ends by a
basic region after motif B. BRDT has a long C-terminal, largely
unstructured extension of more than 300 residues after the ET
domain, which might play a specific role in the function of this
paralog.
Sequence identity analysis
In Table 1are reported the percentages of amino acid identity
of BRD2, -3, -4, and BRDT in five species,Mus musculus (Mm),
Rattus norvegicus (Rn), Homo sapiens (Hs), Canis familiaris
(Cf), and Bos taurus (Bt). All the results range from 40% (Bt-
BRDT vs. Cf-BRD4) to 99% (Rn-BRD4 vs.Mm-BRD4) identity.
The percentage identity between peptide sequences of para-
logous genes within each species, indicated by blue boxes in
Table 1, ranges from 42% (Bt-BRDT vs. Bt- BRD4) to 61%
(Mm-BRD2 vs. Mm-BRD3). The percentage identity between
peptide sequences of orthologous genes, indicated by red boxes,probes in primary, early, and large antral follicules of mouse ovary. “sens”means
Fig. 3. Alignment of the protein sequences of the four mouse paralogous genes BRD2, -3, -4, and BRDT. Identical residues appear as white type with a black
background. Amino acids that were shown to be involved in the interaction with acetylated lysine in the GCN5P experimental structure [17] are indicated by stars.
Asterisks indicate the end of the sequences, whereas numbers within parentheses indicate the number of residues separating two different regions. Determination of the
two bromodomains was provided by SMART software (http://smart.embl-heidelberg.de/).
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vs. Mm-BRD4). Consequently, in the BET family, orthologous
genes between species appear to be more conserved than
paralogous genes within each species.
If we consider just the alignments between BRDT sequences
and BRDT paralogs within each species (blue boxes), we can
notice that the percentages of identity range from 42% (Bt-
BRDT vs. Bt-BRD4) to 49% (Cf-BRDT vs. Cf-BRD3). For all
the other alignments, between paralogous sequences without
BRDT, the results range from 52% (Hs-BRD4 vs. Hs-BRD2)
to 61% (Mm-BRD2 vs. Mm-BRD3). Thus, among the
paralogous genes, BRDT seems to have the least conserved
sequence. In the same way, if we consider just the alignments
between orthologous genes (red boxes), those that include
BRDT sequence show 61% (Bt-BRDT vs. Rn-BRDT) to 83%
(Rn-BRDT vs Mm-BRDT) identity, whereas the others show
87% (Cf-BRD4 vs. Mm-BRD4 and Cf-BRD4 vs. Rn-BRD4) to
99% (Rn-BRD4 vs Mm-BRD4) identity. Thus, among the
orthologous genes, BRDT also seems to have the least
conserved sequence. In other words, the sequence of the
BRDT protein appears to be the least conserved among the BET
family in the five mammalian species considered.
Phylogenetic analysis
The phylogenetic tree in Fig. 4, built with the BRDT protein
as query and with the Ensembl protein database, shows that
there are four groups of orthologous genes corresponding to
BRD2, BRD3, BRD4, and BRDT in all the vertebrates present inthe database, including fish species for BRD2, -3, and -4,
suggesting a duplication before vertebrate radiation. According
to the tree's topology, these four orthology groups derived from
three duplications of an ancestral gene (Fig. 4, nodes 1, 2, and
3). These three duplications might have occurred before the
speciation of Euteleostomi (separation between Actinopterygii
and Sarcopterygii; see nodes labeled “A”).
Branch lengths are correlated with the sequence evolutionary
rate [18]. Table 2gives the comparison of branch length values,
from Fig. 4, between H. sapiens, B. taurus, R. norvegicus, M.
musculus, and Takifugu rubripes for the four orthology groups.
Branch length values are clearly higher for the BRDT orthology
group than for the three other groups. These results indicated
that sequences from the BRDT group evolved faster than those
from the BRD2, BRD3, or BRD4 groups. In other words, in
BRD2 and BRD4 orthology groups, branch lengths between
the seven mammal members are quite exactly the same. All
mammals' nodes are quite vertically aligned in these two
groups, whereas this is not the case for the BRD3 and BRDT
groups. It means that the similarity between orthologs is higher
for BRD2 and BRD4 than for BRD3 and BRDT. The two
former groups are then the most highly conserved. Moreover,
the lower the distance is between a group and the common
ancestral gene, the closer this group is to the ancestral function.
As a result, BRD3 orthologous genes seem to be the closest to
the common ancestor, then it is the BRD2 orthologous genes,
BRD4, and, finally, BRDT seems to be the most remote
group. As a result, it appears that BRDT, the less conserved
between species and one of the most remote genes from the
Table 1
Sequence identity analysis
Percentages of amino acid identity among BRD2, -3, -4, and BRDT sequences from five species: Mus musculus, Rattus norvegicus, Homo sapiens, Canis familiaris, and Bos taurus. All the sequences were
extracted from UniGene and compared with two BLAST sequences (http://www.ncbi.nlm.nih.gov/BLAST/). percentages of identity between sequences encoded by orthologous genes. percentages of
identity between sequences encoded by paralogous genes.
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Fig. 4. Phylogenetic analysis of BRD2, -3, -4, and BRDT. We performed the phylogenetic analysis by using the phylogenomic analysis pipeline available in the
FIGENIX platform (http://www.up.univ-mrs.fr/evol/figenix/) [28]. Phylogenetic tree built from theMus musculus BRDT protein sequence, with the Ensembl database.
This tree is the fusion on the NJ topology, of three phylogenetic trees built based on neighbor joining, maximum parsimony, and maximum likelihood [28]. For each
node, bootstrap values are reported for each npl method. An asterisk indicates that the bootstrap value is under 50%. Bootstrapping was carried out with 1000
replications. “R” node represents the ancestral gene. In vertebrates, four groups of orthologous genes are found: BRD2, -3, -4, and BRDT groups. Nodes labeled 1, 2,
and 3 represent gene duplications that gave rise to these four orthology groups. Nodes labeled “A” represent the speciation of Euteleostomi. Branch lengths are directly
correlated with the sequence evolutionary rate. Brom. Cont. Prot., bromodomain-containing protein.
219A. Paillisson et al. / Genomics 89 (2007) 215–223common ancestor, evolved faster than its three other paralogs.
To corroborate these results, we performed a relative rate test
with Anopheles gambiae and Apis mellifera as outgroups,
using the RRtree (Relative-Rate Test with a tree) software [19]
(http://pbil.univ-lyon1.fr/software/rrtree.html). The results are
reported in Table 3. We can notice that comparisons between
BRDT and BRD3 or BRD4 are highly significant. The compar-
ison between BRDTandBRD2 tends to be significant (p=0.075).
Contrary to BRDT, the comparisons between BRD4, BRD3, and
BRD2 are not significant, except for BRD2-BRD3. Therefore,
this relative rate test demonstrated that the BRDT group evolves
faster than the other groups.
Fig. 5 depicts the sequence evolutionary rate of the four
BRD paralogs in parallel with their pattern of expression, in
mouse, rat, and human. It clearly appears that transcriptional
expression pattern obtained from data available on UniGene
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene) ismuch more restricted for the three BRDT orthologs than for
BRD2, -3, and -4, with these genes exhibiting broad tissue
distribution in the three species. In conclusion, the BRDT
orthology group evolves faster and has a more restricted
expression pattern than the three other BRD groups.
Strangely, in silico information (Fig. 5) shows that ESTs of
mouse BRDT are also slightly detected in several somatic
tissues, whereas our in vitro experiments do not corroborate
these data.
Discussion
The results of the present work demonstrate that BRDT is a
mouse germ cell-specific gene. It is expressed not only in
spermatogonia, as previously demonstrated [9,10], but also in
oocyte. It is possible that BRDT was not detected in mouse
ovary by Northern blot in previous studies [9,15] because of the
Table 2
Comparison of the branch length values
Homo
sapiens
Bos
taurus
Rattus
norvegicus
Mus
musculus
Takifugu
rubripes
BRDT 0.06517 0.11163 0.105 0.31052
group 0.1079 0.10127 0.30679
0.09091 0.31799
0.31136
BRD2 0 0 0 0.10535
group 0 0 0.10535
0 0.10535
0.10535
BRD3 0.03342 0.03001 0.03001 0.13784
group 0.01061 0.01061 0.14800
0 0.14459
0.14459
BRD4 0 0.00757 0.00757 0.08779
group 0.00757 0.00757 0.08779
0 0.08622
0.08622
Note. Branch length values calculated by comparing Homo sapiens, Bos taurus,
Rattus norvegicus, Mus musculus, and Takifugu rubripes for four groups, i.e.,
BRDT, BRD2, BRD3, and BRD4.
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PCR. Moreover, in situ hybridization experiments corroborate
this result, eliminating any false-positive possibilities. Thus,
BRDT appears to be the only BET family member with such a
tissue-specific expression, suggesting a significant and specific
role in male and female gametogenesis.
The comparisons of the amino acid sequences between
BRD2, -3, -4 and BRDT in five species, M. musculus, R.
norvegicus, H. sapiens, C. familiaris, and B. taurus, reveal that
the BRDT sequence is the least conserved. Moreover, our
phylogenetic analysis shows that this gene has the most elevated
evolutionary rate in comparison with its three paralogs BRD2,
-3, and -4. The same phenomenon has recently been described
for another multigenic family, the PADs family [20], which is
organized in five groups of orthologs, named PAD-1, PAD-2,
PAD-3, PAD-4, and PAD-6. The PAD-2 orthology group has
the lowest evolutionary rate and the broadest tissue distribution,Table 3
Relative rate test
Number of
compared sites
Mean K dK
BRD4-BRDT 85.0 BRD4: 0.258976 −0.057
BRDT: 0.316547
BRD3-BRDT 85.0 BRD3: 0.236057 −0.080
BRDT: 0.316547
BRD2-BRDT 85.0 BRD2: 0.274411 −0.042
BRDT: 0.316547
BRD4-BRD2 85.0 BRD4: 0.258976 −0.015
BRD2: 0.274411
BRD4-BRD3 85.0 BRD4: 0.258976 0.022
BRD3: 0.236057
BRD2-BRD3 85.0 BRD2: 0.274411 0.038
BRD3: 0.236057
Note. Relative rate test with Anopheles gambiae and Apis mellifera as outgroups, by u
fr/software/rrtree.html) [19].whereas the PAD-6 orthology group has the highest evolu-
tionary rate and the more limited tissue distribution, with its
expression being interestingly also highly enriched in oocyte
[20]. BET and PADs families could have evolved from their
respective common ancestor by the duplication-degeneration-
complementation process [21]. This mechanism explains the
preservation of duplicate genes by the subfunctionalization of
the ancestral locus. In other words, each duplicate gene can
accumulate degenerative mutations at different loci and then the
combined action of both gene copies is necessary to fulfill the
requirements of the ancestral gene, especially when such
mutations occur in regulatory regions. In such a case, the
subfunctionalization could lead to a decrease in expression
breadth and the development of tissue-specific genes. This
process may have occurred for the first duplication of the
ancestral Brd gene (duplication 1 in Fig. 4), with one branch
giving rise to the germ cell-specific BRDT orthology group and
the other branch giving rise to the ubiquitous orthology groups.
The broad tissue distribution of these latter genes could partly
explain their low evolutionary rate, as these genes may have
evolved under negative selective pressure. More generally, it
has been shown that mammalian housekeeping genes, broadly
expressed, evolved more slowly than tissue-specific genes [4,5].
Interestingly, genes involved in the reproduction process
were shown to evolve faster than those that are not [6]. The fact
that the mouse oocyte-specific genes we have recently
identified in silico tend to have numerous duplicates that cluster
in the mouse genome [3] suggests recent duplication events and
a rapid evolution. Testis-specific genes could also have the same
ability to evolve rapidly, as shown for the twoDrosophila testis-
specific a4 proteasome subunit genes (a4-t1 and a4-t2). These
two genes have a higher polymorphism and have diverged more
rapidly than the somatic a4 gene [22]. More generally, it has
been observed that, in Drosophila, genes expressed in the
reproductive tract also show higher divergence than those that
are not [23,24]. In mammals, sperm proteins also appear to
diverge more rapidly in comparison with proteins not expressed
in the male reproduction tract [25]. Thus, the rapid evolution of
BRDT, as for PAD6, seems to be due, on the one hand, to itsStandard
deviation (sd)
Ratio dK/sd Exact probability
(p)
5712 0.0216186 −2.66304 0.00775088
4908 0.0273094 −2.94737 0.00321049
1364 0.0236951 −1.77828 0.0753652
4348 0.0204336 −0.755364 0.450036
9197 0.0245073 0.935216 0.349683
3544 0.0162196 2.3647 0.0180521
sing the RRTree (Relative-Rate Test with a tree) software (http://pbil.univ-lyon1.
Fig. 5. Relationship between phylogeny and expression profiles. Simplified phylogenetic tree built from mouse BRDT, with the Ensembl database restricted to Homo
sapiens, Rattus norvegicus, and Mus musculus sequences. For each node, bootstrap values are reported for each npl method (neighbor joining, maximum parsimony,
maximum likelihood). An asterisk indicates that the bootstrap value is under 50%. Bootstrapping was carried out with 1000 replications. Expression profiles, provided
from UniGene (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene), are given for different tissues: Bl, bladder; Bo, bone; BM, bone marrow; Br, brain; Ce,
cervix; C, colon; E, eye; H, heart; K, kidney; La, larynx; Li, liver; Lu, lung; LN, lymph node; MG, mammary gland; M, muscle; NS, nervous system; O, ovary; Pa,
pancreas; PG, pituitary gland; P, placenta; Pr, prostate; Sk, skin; SI, small intestine; S, spleen; St, stomach; T, testis; Th, thymus; To, tongue; U, uterus; V, vascular.
Gray squares indicate the expression in the corresponding tissue, whereas white squares indicate no expression. X indicates that there are no available data on UniGene.
221A. Paillisson et al. / Genomics 89 (2007) 215–223tissue-specific expression and, on the other hand, to its putative
specific role in male and female gametogenesis.
The analysis of the structure of the four genes and of their
respective promoter did not give any informative explanation on
their evolutionary rate or on their specificity of expression. In
particular, BRD genes are composed of 12 (BRD-3), 14 (BRD-
2), 19 (BRDT), and 20 exons (BRD-4) and span (from the first to
the last exon) 8373 bp (BRD-2), 27,398 bp (BRD-3), 54,547 bp
(BRDT), and 88,840 bp (BRD-4). Thus, it seems that there is no
clear relationship between the structure and the length of these
genes and their rate of evolution. Moreover, to investigate the
difference in specificity of expression between BRDT, on the
one hand, and BRD-2,-3 and -4, on the other hand, we
performed alignments of the four corresponding promoters to
find putative cis-element signatures in the germ cell-specific
gene promoter compared to others. We found that the promoters
of the ubiquitous paralogs (BRD-2, -3, and -4) share approx-
imately 48-49% identity, whereas the Brdt promoter shares 40
to 42% identity with the three others. However, any clearspecific cis-element was not found in the Brdt promoter
compared with the three others (data not shown).
BRDT could have a function in meiosis since transcripts
were found at the highest levels in meiotic prophase
spermatocytes, especially at the pachytene stage [9]. The
protein was shown to specifically interact with the acetylated
histone H4 tail by its bromodomains and has the ability to
induce condensation of acetylated chromatin in vivo and in
vitro [15]. As a result, BRDT is supposed to bind to
hyperacetylated chromatin in elongating spermatids and then
to recruit machinery to remove the acetylated histones,
replaced by protamines. Within the oocyte, the protein may
keep this structural role and may also be involved in
chromatin remodeling through folliculogenesis. Of note, the
amino acids crucial for binding to acetylated lysine are well
conserved in the protein sequence. However, in comparison
with its three paralogs, BRDT could also have a new
biological role, specific to germ cells, which could be
performed by its nonconserved domains. In other words, the
222 A. Paillisson et al. / Genomics 89 (2007) 215–223gene sequence could have undergone a positive selection in
regions that do not encode for bromodomains or ET domains,
with the resulting protein exhibiting a neofunctionalization,
involved in gametogenesis, fertilization, and/or early embryo-
nic development.
To conclude, there is a relationship between the rate of
evolution and the specificity of expression of BRD2, -3, -4, and
BRDT. BRDT has the highest evolutionary rate and the more
limited tissue distribution, whereas the three others have lower
evolutionary rates and broader tissue distributions. However,
the function of BRDT within the oocyte remains unknown.
Materials and methods
RT-PCR analyses
Total RNAwas extracted from whole adult tissues (ovary, brain, liver, testis,
lung, spleen, thymus, kidney, lymph node, and stomach) using RNAble reagent
according to the manufacturer's instructions (Eurobio, Les Ulis, France).
Reverse transcription was performed for 1 h at 40 °C in a total volume of 20 μl
with 2 μg total RNA per sample following standard procedure. Two microliters
of the cDNA product was amplified by PCR using the following primers: BRDT
upper, GAGGGAGAAAGAGCAAGAGC; BRDT lower, GAGGGCAGGA-
GAATCAGGAG; actin upper, ACGGAACCACAGTTTATCATC; actin lower,
GTCCCAGTCTTCAACTATACC. RT-PCR products were also analyzed by
Southern blot. Briefly, the RT-PCR products were fractionated on 1% agarose
gel, transferred to Hybond-N+ membrane (Amersham-Pharmacia), and
hybridized with the corresponding cDNA fragment labeled by random priming
(1×106 cpm/ml) as described previously [26].
PCR products were purified from the agarose using the gel extraction kit
QIAEX II (Qiagen, Hilden, Germany) and inserted into pGEM-T vector
(Promega, Madison, WI, USA). Sequencing verified the identity of the selected
clones.
In situ hybridization
Frozen ovaries from three female mice in diestrus, three female mice in
proestrus, and three female mice in estrus were serially sectioned (10 μm) with a
cryostat to perform in situ hybridization experiments using 35S-labeled cRNAs
probes as previously described [27]. The specificity of the hybridization signals
was assessed by comparing the hybridization of the cRNA antisense with the
corresponding sense probes. Histological determination of follicular size and
degree of atresia was performed on adjacent sections stained with Feulgen [27].
Sequence identity analysis
From the UniGene database, 20 amino acid sequences were extracted, i.e.,
the four sequences BRD2, -3, -4, and BRDT for each of the five following
species: M. musculus, R. norvegicus, H. sapiens, C. familiaris and B. taurus.
We compared these 20 sequences by couple with the BLAST (Basic Local
Alignment Search Tool) 2 sequence software (http://www.ncbi.nlm.nih.gov/
BLAST/), resulting in 190 alignments of two sequences. The BLAST 2
sequences find regions of local similarity between two sequences. The program
compares protein sequences and calculates the statistical significance of
matches. For each alignment, we focused on the percentage of amino acid
identity, which is reported in Table 1.
Phylogenetic analysis
We performed the phylogenetic analysis by using the phylogenomic analysis
pipeline available in the FIGENIX platform (http://www.up.univ-mrs.fr/evol/
figenix/) [28]. FIGENIX retrieved sequences, provided multiple sequence
alignments, performed phylogenetic reconstruction, and deduced orthology and
paralogy relationships (for a detailed description of pipelines and models used, see[28]). The BRDT protein sequence was extracted from UniGene Accession No.
MM.182836, GenBank Accession No.NM054054, Protein Accession No.
NP473395 (956 aa). Then the protein sequence was entered in the phylogenomic
inference task, which was run with the default parameters and with the Ensembl
database. We chose the NJ (neighbor joining) topology for the graphical
representations. The trees (npl) are the fusion of three phylogenetic trees built
based on neighbor joining [29], maximum parsimony, and maximum likelihood
[30]. The Dayhoff PAM matrix [31] provided the distance matrix for the NJ
method. The evolutionary distance separating sequences is defined as the number
of mutational events per site underlying the evolutionary history separating
sequences. Thus, evolutionary relations among sequences are represented by the
tree structure, where branch length represents the evolutionary distance [18]. In
Fig. 5, for each node, bootstrap values are reported for each nplmethod.An asterisk
indicates that the bootstrap value was under 50%. Bootstrapping was carried out
with 1000 replications. Expression profiles are provided from UniGene.
Analysis of the tree and rerooting
Phylogenies are built with the midpoint method rooting. To avoid
misclassification induced by fast-evolving sites, sites that are not under
neutrality are generally eliminated, using statistical methods for testing
functional divergence after gene duplication [32]. In the phylogenetic tree of
reference, fast-evolving sites could not be removed by Gu software because not
enough sequences were present in the different orthology groups. Thus, the
BRDT orthology group, which evolved faster than the others, was automatically
placed in the outgroup to equilibrate the tree. This was not necessarily reflective
of the true evolutionary history of the BET family. Indeed, when looking at the
branch lengths between species belonging to the same orthology group,
particularly M. musculus, R. norvegicus, and H. sapiens, we can deduce that
duplication of the BET ancestor occurred during vertebrate radiation but before
the radiation of bony vertebrates [33]. All of the species external to these groups
in the tree of life were placed in the outgroup.
In Table 2, we calculated branch length values by comparing H. sapiens, B.
taurus, R. norvegicus, M. musculus, and T. rubripes for four groups, i.e.,
BRDT, BRD2, BRD3, and BRD4. In Table 3, we performed a relative rate test
with An. gambiae and Ap. mellifera as outgroups by using the RRTree software
(http://pbil.univ-lyon1.fr/software/rrtree.html) [19], a user-friendly program for
comparing substitution rates between lineages of protein or DNA sequences,
relative to an outgroup. Genetic diversity is taken into account through the use of
several sequences and phylogenetic relations are integrated by topological
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